Abstract-This research examines the performance of a QPSK DS-CDMA system with disparate chip and data rates (thus different processing gains) on the two quadrature channels for synchronous and asynchronous transmission using both orthogonal and random codes. In a CDMA setting, we investigate the effect on performance of unequal user signal energies and a variable number of interfering system users, in both AWGN and Rayleigh fading channels. With this disparate scheme we also obtain a moderate amount of shaping of the transmitted signal power spectrum. Our results show excellent agreement between analysis and simulations, and illustrate the additional degree of flexibility our disparate chip/data rate system provides.
I. INTRODUCTION
HE direct-sequence spread spectrum code-division multiple access (DS-SS-CDMA) technique has been attractive in 2nd and 3rd generation cellular mobile systems [1] , and also in wireless local area networks (WLANs) [2] . Its use is also being considered for other applications, such as aeronautical and satellite communications [3] . Most current DS-CDMA systems employ quadrature phase shift keying (QPSK) modulation. These systems have the same chip rate, and often the same data rate, on both quadrature channels [4] . Future communications systems are envisioned to require great flexibility, in order to support heterogeneous user traffic loads and performance qualities. Many researchers are investigating both multi-rate, and multicarrier transmission schemes to address this need for flexibility [5] - [7] . One of the methods to increase flexibility is to employ non-traditional modulations. Our work investigates this extension to system flexibility.
The transmitter block diagram of a single user QPSK system is shown in Fig. 1 . where the input data signal is converted by a generalized serial to parallel converter into an in-phase and a quadrature-phase bit stream. These bit streams are spread using two independent pseudo-noise (PN) sequence resulting in a baseband direct sequence spread signal which modulates the carriers. The transmitted direct sequence QPSK signal is the sum of the I-and Q-channel signals, represented as s(t). The channel introduces noise which is assumed to be white and Gaussian with zero mean and two-sided power spectral density N 0 /2. The received signal is coherently detected and despread by correlating with the corresponding spreading waveforms on I-and Qchannels. The two bit streams are then multiplexed using a generalized serial to parallel converter which incorporates a decision block as well. The receiver block diagram for a single user is shown in Fig. 2 .
For the quadrature carriers, the bit rates are 
II. SINGLE USER QPSK -DSSS
The single user system is the simplest case we can study. The transmitted waveform for a single user is given by eq. (1):
where 
III. MULTIUSER QPSK -DSSS
In a multiple user system with K users present, K-1 users act as interference to any given user. The quality of the information signal degrades due to presence of multiuser interference in addition to the AWGN. Each user signal has unique energy, but all users share common I/Q chip and data rates. On any given signal, the I/Q chip and data rates are distinct. For our disparate chip/data rate system, we investigate the bit error ratio (BER) performance for synchronous and asynchronous transmissions, on both the AWGN channel and on a slow, flat, Rayleigh fading channel. Synchronism here refers to both chip and bit alignment among user signals. Both analysis and computer simulation results are employed. In the synchronous case, the delays introduced by the channel on all the user signals are identical, as are the carrier phases. system analysis is performed first assuming the use of orthogonal spreading codes, since in the non-dispersive channel, this choice results in zero multiuser interference [9] . For the sake of completeness, and for comparison with the asynchronous case results, we also investigate performance in the chip-synchronous case with random spreading codes. The asynchronous QPSK DS-CDMA system analysis is carried out using random codes [10] . The i th user transmitter output is
is modeled as uniform on [0,2 ) and τ i is
. The received signal r(t) is given by
, with all delays zero for the synchronous case.
A. Decision Statistics
For brevity we address only the I-channel; the Q-channel result is obtained analogously. The I-channel correlator output is obtained by correlating r(t) with the carrier and spreading signal:
where N I is again the AWGN noise sample. We have ( )
We see that z (I) can be expressed as a sum of three terms: z (I) =Desired Signal+AWGN+MUI, where MUI is multiuser interference. To proceed we assume
, where i L is an integer number of chips by which user i's signal is shifted. For simplicity, we assume ε i =0 and without loss of generality assume L i <PG I . Then after simplification 
B. Probability of Error
The performance of the receiver is usually measured in terms of the probability of error P b , or bit error ratio (BER). The general expression for the multiuser BER with equal received signal energies for all users is
where N=processing gain and β is a constant that depends on the alignment of the chip and the carrier phases. We assume that MUI is Gaussian.
We have also determined the performance of our disparate chip rate QPSK scheme in a Rayleigh fading channel. In this case, we integrate the product of the Rayleigh fading channel amplitude probability density function (pdf) and the conditional BER expression for a single QPSK user in AWGN for a specific signal to noise ratio to calculate the average probability of error: (9) where P e (X)=probability of error at a specific E b /N 0 , and p(X)=Rayleigh fading pdf.
Jensen's inequality states that for a convex down function (here ( ) Tables 1 and 2 , respectively.
IV. SIMULATION DISCUSSION AND RESULTS
A simulation model was developed to study our disparate chip/data rate QPSK DS-CDMA system in AWGN and Rayleigh fading channels and to compare results with analytical results. Some of the simulation results are discussed in this section.
A. Single user QPSK system
The performance of a single user system with equal data rate, chip rate and processing gains on each channel is same as that for conventional QPSK in both, AWGN and Rayleigh channels. This result is shown in Fig 3. We also note that Ichannel and Q-channel performance is identical because of equal processing gains.
B. Synchronous Multi user QPSK System
We have simulated a multiuser scenario with orthogonal spreading codes where the chip rate on the I-channel is twice that of Q-channel, and the data rate on Q is three times that of I-channel. We have considered K=7 users. Despite the presence of multiple users, with orthogonal spreading codes the BER performance is the same as single user QPSK in AWGN, as expected from analysis [13] .
A similar scenario is simulated for synchronous QPSK with random codes. The results are shown in Fig. 4 and 5 for the I-and Q-channel, respectively. Here, we see that the performance of the system does degrade due to multiuser interference. Also, performance on the Q-channel is worse than the I-channel, due to the fact that the Q-channel is relatively more highly loaded than is I-channel, since
. The performance of the system degrades as the number of users and MUI increase, as expected.
C. Asynchronous Multi user QPSK System
For asynchronous QPSK three different scenarios were simulated. . For this case, we found that the Q-channel performance is worse than the I-channel, as expected. We also observe, as expected, that the system has degraded performance in the Rayleigh fading channel. Lastly, the analytical and simulation results agreed for both AWGN and Rayleigh channels. . We found that with same parameters, the performance of the system with asynchronous transmission and random codes is similar to the synchronous system with random codes (Fig. 4 and 5 . Results are shown in Fig. 6 and 7 . We observe that the I and Q channel bit error rates look nearly identical and analysis is in good agreement with simulations.
D. Bit error rate vs. Load
Lastly, we have obtained results for the system performance as the load factor K/N increases for asynchronous QPSK with constant E b /N 0 . Fig. 8 shows this for the AWGN channel, where the performance of the system degrades linearly with an increase in the number of users on the I-channel. On the Q-channel the performance degradation is much faster, as
. Similar results were found for the Rayleigh fading channel. 
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V. POWER SPECTRUM
When the chip/data rates and quadrature channel symbol energies are not equal, the signal power spectrum is altered [11] . In Fig. 9 , we show three power spectra, the I-channel, Q-channel, and composite (sum of the I-and Q-channel) spectrum. Use of disparate scheme enables a moderate amount of shaping of the transmitted signal power spectrum. The spectral shaping for some parameter sets can also yield a small amount of reduction in the spectral sidelobes. Our disparate chip and data rate scheme presents another effective option for multi-rate transmission. By adjusting the relative chip and data rates and symbol energies on the quadrature channels, we have developed a useful generalization to conventional QPSK DS-SS CDMA. As expected, system performance degrades with an increase in the number of users, in both AWGN and Rayleigh channels [12] . Also as expected, a synchronous QPSK system performs better with orthogonal codes than with random codes, illustrating the importance of code selection. Example performance results in terms of BER performance and power spectrum illustrate the flexibility of the system. We obtain excellent agreement between analysis and simulations; hence our analytical results enable exploration of the use of a wide variety of parameter sets. Future work includes investigation of performance on dispersive channels, different parameters for each user, and rapid acquisition schemes that exploit the imbalance in quadrature parameters.
